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Recent progress in the field of Oy-integrin antagonists 

Horst Kessler, 1 Martin Kantletaner, 1 Christoph Gibson, 1 Roland 1 
Haubncr, 1 Dirk Finsinger, 1 Michael Dechantsrdter, Eckart Planker^ 
Jochen Wermuth,' Jdrg S. Schmitt, 1 J6rg Meyer, Patricia Schaffiier, 
Giinter Holzemann, 3 Matthias Wiesner, 3 Simon L. Goodman, Diane 
Hahn, 3 Alfred Jonczyk, 3 Hans J. Wester, 4 and Markus Schwaiger 
'Instilut fur Oreanische Chemie und Biochemie, Technische Universam Munchen, 85747 
Garching, Germany; 1 Merck Biomaterial GmbH, Forschung, 6427 '1 Darmstadt Germany: Merck 
KGaA PrMinishhe forschung, 64271 Darmstadt, Germany; and »Men^™nischeKhn* 
und PoMinik Rechls derhar, Technische University Munchen, 81675 Munchen. Germany. 

Introduction 

Intefirins - a class of heterodimeric, transmembrane glycoprotein receptors - play an 
important role in many physiological processes. The development of highly active and 
selective integrin antagonists is a promising approach^for the treatment of various diseases^ 
Cyclization and "spatial screening" yielded cyclo(RGDfy) [U] as highly active and 
selective a v B 3 -integrin antagonist. Extensive peptidomirnehc studies finally culminated in 
cvclorRGDf-N(Mc)V] [3,4] which binds in the subnanomolar range and is selected tor 
S phase - W as L antiangiogenetic tumor drug (EMD 121974). Their NMR denved 
structures are shown in Fig. 1 . 
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Fig. 1 NMR-derived solution structure of cyclofRGDfV) and its N-methytated analog cycloJRGDf- 
N(Me)Vl. The N(Me) group imparts steric regulation via the peptide backbone resulting in a 
widened arrangement of the pharmacophore RGD sequence. The structures show one of the side- 
chain conformations which intercortvert fast in solution. 

We report here about improving the activity, selectivity and bioavailability of these 
antagonists and the development of non-pepridic analogues via combraatonaT techniques 
Furthermore we fonctionalize our antagonists for special applications, e. g. surface coating, 
or radionuclide medicine. 
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Results and Discussion 

We found that X in cyclo(RGDfX) can be replaced by other amino acids without a 
remarkable change in activity and selectivity [5,6]. Replacement by Lys or Glu introduce 
useful functionalities for any derivatizations of the cyclopeptides. 

For application in radionuchd diagnostic we synthesized the radiolabeled peptide 
with ,2, I-D-Tyr instead of D-Phe: cyclo[RGD( 125 l)yV]. After modifying the peptide by 
conjugation of a sugar amino acid (SAA) to the Lys side chain (X = ■ K) the biodistribution 
and tumor accumulation of the glycosylated peptide cyclo(RGD( U5 I)y[SAA]iC) exhibited 
drastically improved biokinetics [7] compared with the non-glycosylated compound. 

For biofunctionalization of inert surfaces we have coupled our highly active and 
OvPr and Ov(3 5 -selective peptide cyclo(RGDfK) over the lysine side-chain to various 
linker-molecules containing acrylic acid as anchor functionality [8]. These peptides can be 
covalcntly linked to po]ymethylmethacrylate-(PMMA)-surfaces (Fig. 1). In contrast to 
untreated surfaces the coated surfaces bind murine osteoblasts as well as human osteoblasts 
very effectively in vitro if a critical minimum distance of 3.5 nro between surface and the 
constrained RGD-sequence is ensured (Fig. 2), 

Osteoblasts 













1 












-UvlVAn tsgonist 



/ , Implant-Surface / / / / / 

/////////// 

Fig. 2: Schematic Junction of RGD-coated surfaces. 

Promising cell adhesion rates and strong cell attachments were observed, and 
surface bound cells started to proliferate. These findings may be helpful for the 
development of a new generation of bone implants as the peptides can provide a strong 
mechanical contact between implant surface and the surrounding healthy and new forming 

USSUe ' Substitution within the RGD sequence in the lead peptide cyclo(RGDfV) mostly 
resulted in a loss of activity and selectivity. However, a remarkable difference was found 
with azaGly instead of Gly. This cyclic peptide exhibited fall activity and according to 
NMR and DG studies showed a twisted NN bond [9,10]. This observation stimulated us to 
search for linear azaGly analogues and we found that we can modulate activity and 
selectivity in linear diacylhydrazmes as well [11]. We found suitable reaction conditions to 
prepare activated Fmoc-protected azaglycine, azasarcosine and azaalanme in high yields, 
by treatment of the corresponding Fmoc^hydrazines with a commercially available solution 
of phosgene in toluene. To check the feasibility of preparing a2*peptides and aaipeptoids 
on a solid support, we carried out a systematic study of the coupling conditions and 
targeted the preparation of some RGD-mimetics 7 all of which contain azabuildmg blocks 
instead of glycine. 
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The synthesized aza-RGD-mimetics exhibit varying activity and selectivity on the 
i«^crrin Vrrentors OvB<> or otnbfo depending on the substitution pattern of the azabuilding 
h^Th?ffil?ofe a AentS plication of azapeptides and azapeptoides as 
eiw^i/itv fl nfi activity inducing templates in pseudo biooligomers. We want to emphasize 
^^^S^Sm cUAfr Fmoc-aminoe^hotoli^er [12] 

TentaGel-bound RGD-mimetics, which meet all requirements of the one^bead-one- 
' " l 1TlH conceot r 131 and allowed biological on-bead screening and subsequent chemical 
fflSffi^ MS? due to orthogonal anchoring. For that purpose we have 
^^rn ^Zd^Y for biological evaluation of aza-RGD-libraries. 
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